Introduction 56
Functional trait variation within and among biomes arises from environmental gradients and evolutionary 57 histories that vary biogeographically, leading to species with differing ecological behavior and climatic account for only a modest degree of variation in a wide array of functional traits, ranging from seed mass 66 to leaf lifespan (LL), in the TRY database (Kattge et al., 2011) . For example, standard PFTs may not generally capture key drought responses in tree species (Anderegg, 2015) , although models with a 68 hydraulics module can be specifically tuned for this purpose (e.g., ecosys; Grant et al., 1995) . 69
Oversimplification of the physiognomic characteristics of PFTs can have major unintended consequences 70 when simulating ecosystem function (Griffith et al., 2017) , such as highly biodiverse savanna ecosystems 71 (Searchinger et al., 2015) . Studies that explicitly incorporate species-level trait variation into vegetation 72 models (e.g., Grant et al., 1995; Lu et al., 2017) have demonstrated improvements in model performance. 73
Selecting trait data from multi-variate trait distributions for model parameterization (Wang et al., 2012 alternative, vegetation types should be organized in a manner consistent with phylogeny. We advocate for 84 explicit inclusion of evolutionary history and a consistent framework for integrating traits into global 85 vegetation models. This approach brings a defensible method for defining vegetation types, enables the 86 functional traits of uncharacterized species to be inferred from relatives, and allows evolutionary history 87 to be explicitly considered in studies of biome history. Here, we illustrate this approach for grasses and 88 grass-dominated ecosystems, where we use our framework to aggregate species into Lineage-based 89 Donoghue & Edwards, 2014), and as such we argue that evolution and biogeography provide a 127 framework for aggregating species (across ecosystems and strata) into LFTs that capture species-level 128 trait diversity in a way that can be feasibly incorporated for use in global vegetation models, and that will 129 improve PFT-based modeling approaches. Focusing on grasses, we developed this approach by collecting 130 
Methods for establishing lineage-based functional types (LFTs) for grasses 136
There are 26 monophyletic C4 lineages described in the Poaceae family, yet only two (the Andropogoneae Andropogoneae and Chloridoideae, which dominate in wetter and drier climates, respectively. Therefore, 141
we focused on collecting species-level trait data from the literature and from databases for grass species 142 from these three lineages. The term 'trait' is defined differently across research disciplines (Violle et al., 143 2007). Our aims necessitate a collection of broad trait space beyond that typically used for the leaf 144 economic spectrum to include morphological and physiological determinants of plant hydraulics, 145 physicochemical controls of photosynthesis, allocation to reproduction, and spectral reflectance. Many 146 traits are highly connected, reflecting plant functional strategies. Further, a single trait can relate to 147 multiple forms of plant fitness. Here, traits were assigned to groups in Table 1 based on their use in 148 models and how they might be used in future applications (e.g., hyperspectral remote sensing of LFTs, or 149 modeling of fire). We present median and variation in trait values among-species for three major grass 150 lineages (LFTs) as per Figure 1 , and compare these with commonly used values for C3 and C4 PFTs 151 (Table 1) . 152 153
LFTs for grasses differ drastically in key functional traits 154
Our LFTs demonstrate both the importance of considering lineage to explain ecological patterning, and Furthermore, the C3-and eudicot-centric approach in the current leaf economics framework would 183
suggest that a higher SLA should also correlate with a higher specific leaf nitrogen content, yet the 184 evolution of C4 photosynthesis allows for a significant reduction in Rubisco content, and hence plant 185 nitrogen requirements (Taylor 2010). Thus, grass lineages differ in numerous leaf traits which have 186 consequences that extend from palatability and flammability to hydrological differences. (Table 1) , 193 and tend to inhabit drier sites (Fig. 1 ). Some Andropogoneae have been described as "water spenders" 194 We have identified large differences among LFTs, across six trait categories, that are not captured by the 229 standard PFT approach. Many of these trait data have very low sample sizes (from 1 to 1365) and come 230 from non-overlapping species, highlighting the need for systematic data collection for grasses. Such a 231 data collection effort would be an excellent opportunity to test for coordination among trait axes in a 232 phylogenetic context, which has rarely been done in other systems despite the likelihood that relatedness 233 drives patterns of trait covariation (e.g., Salguero-Gómez et al., 2016; Griffith et al., 2016) . Furthermore, 234
intra-groups trait variation deserves to be properly estimated (only some traits in Table 1 have enough  235 data to estimate variability) as convergence and adaptation produce meaningful trait variation that should 236 be incorporated into models. 237
Potential for lineage-based functional types in other vegetation types 239
Many current PFTs implicitly represent groupings of closely related lineages (e.g., pinaceous conifers, 240 grasses). However, even in these cases biogeographic distributions, and the coarseness of the 241 phylogenetic unit, generates a lack of useful resolution. Currently, there are efforts to incorporate species- phylogenetic scales at which the LFT approach will be most appropriate; for example, at large scales 258 (regional to continental), lineage conservatism is common (Crisp et al., 2009) . In contrast, at the scale of 259 local communities, we might expect character displacement and limiting similarity (processes that lead to 260 reduced trait similarity of coexisting species) could obscure phylogenetic patterns and limit the utility of 261 
Conclusions 268
We conclude that LFTs better capture functional diversity than PFT groupings, especially at the spatial 269 scales common for ESMs (e.g., 100 km). Our analysis of current knowledge of grass functional 270 (physiology, structure, biochemistry, phenology, and disturbance) diversity, distributions, and phylogeny indicates that to represent grass ecological behavior in ESMs, at least two C4 and at least one C3 LFTs are 272 required of today's most ecologically dominant grasses. These proposed LFTs capture key evolutionary 273 differences in physiological, structural, biogeochemical, anatomical, phenological, and disturbance-274 related traits. We also highlight the need for systematic trait data collection for grasses, which we show 275 are vastly underrepresented in trait databases, despite their ecological and economic importance. More 276 broadly, we outline the LFT framework which is highly flexible and has the potential for use in a wide 277 range of applications. We advocate for the use of phylogeny as a way to help guide and constrain the 278 inclusion of burgeoning plant trait data to expand the range of functional types considered by global 279 vegetation models. 280 281 
